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(54) Computer calibration of a color print image using successive refinement 



(57) A system calibrates a computer print image. A 
page driver receives an image having image properties, 
such as color scheme, image resolutions, contrast etc., 
and sends it to a journal file for storage. A user interface 
enables selection of a property of the image. A journal 
file processor generates specific values based on a se- 
lected range of values for controlling the characteristics 
of the selected property. A rendering driver renders a 
modified version of the image for each generated value, 
and sends the modified versions to the printer The user 
interface enables the selectbn of a preferred image 
from the rendered modified images. The journal file 
processor sends the values of the selected image to the 
driver settings file for storage. The user interface ena- 
bles printing of the image using the values stored in the 
driver settings file, repetition of the above process for 
the same properly over more specific range of values 
about the property value of the selected image, or rep- 
etition of the process for an entirely different property. 
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Description 

The present invention relates generally to color print 
imaging. In particular, the invention relates to a system 
and method for calibrating a computer print image by s 
successively displaying and refining the print image 
properties. 

The application of personal computers for use in 
printed imaging has become widespread. When a com- 
puter user generates an image, such as an advertise- to 
ment or poster, the user designs the elements of the im- 
age on a computer screen and then routes the image to 
a printer for image production. Printer driver software 
programs facilitate the sizing and page placement of im- 
age data by allowing such functions as resizing of the is 
image, image rotation and margins selection. Many con- 
ventional printer drivers, especially for many of the new- 
er color printers, permit adjustment of such parameters 
as color, resolution, contrast and the like. However, the 
actual characteristics of the printed image are difficult to 20 
predict, since many factors contribute to how the ink will 
finally dry on a particular piece of paper. Typical varia- 
bles which effect the print image include ink dye pigmen- 
tation, paper type, paper coatings, humidity, tempera- 
ture and the method used for combining colors. 25 

Thus, it is common for an image designer to print 
and re-print an image in order to refine the properties of 
the image and thereby create a desired design or effect. 
Furthermore, computer screens do not display exact 
hard copy renditions of an image. Video displays gen- 30 
erate color according to the RGB model. According to 
the RGB model, all colors of visible light may be made 
by combining within a single pixel red, green, and blue 
light of select intensities. The ratios of red, green and 
blue light to each other determine the color of the pixel. -35 
On the other hand, printers generate color using the 
CMY model. According to the CMY model, all colors of 
light may be made by combining cyan, magenta, and 
yellow. Cyan, magenta and yellow are the complements 
to red, green and blue, respectively, and are based on 40 
the rule that color is specified by what is removed or 
subtracted from white light. Printers use the CMY model 
instead of the RGB model due to the subtractive quali- 
ties of ink from white paper. For example, cyan is con- 
sidered to subtract red from white light, while in the RGB 
model cyan is considered the addition of blue and green. 
Similarly, yellow absorbs blue light, and is the combina- 
tion of red and green. A surface coated with cyan and 
yellow ink absorbs red and blue : leaving only green to 
be reflected. Realistically, displaying green on a video so 
display does not provide the identical color of cyan and 
yellow on white paper. Thus, because video and printers 
use different color models, it is even more difficult for a 
user to anticipate optimum color schemes. 

Based on such variables as the image color match- ss 
ing capabilities and the dots per inch (DPI) of certain 
printers, as well as the size of a particular image, printing 
can take as long as thirty minutes or more per hard copy. 
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Thus, when successively refining the properties of an 
image by printing an image, modifying the image prop- 
erties based on anticipated results, re-printing the im- 
age, and so on, a user of such conventional imaging pro- 
grams wastes time, computer resources and natural re- 
sources. Therefore, a system and method is needed to 
facilitate the successive refinement of image color 
schemes. 

The present invention overcomes the limitations 
and deficiencies of the prior art with a system and meth- 
od for calibrating a computer print image by successive- 
ly displaying and refining the print image properties. The 
system includes a central processing unit (CPU) that 
connects with a display device, and input device, a data 
storage device, a printer and memory. The memory ad- 
vantageously stores a page driver, a journal file, a jour- 
nal file processor, a user interface, a rendering driver, 
and a driver settings file. The routines in the memory 
are used by the CPU to provide a system that calibrates 
a computer print image. The page driver receives an im- 
age having image properties, such as color scheme, im- 
age resolutions, contrast, etc., and sends it to the journal 
file for storage. The user interface enables selection of 
a property of the image, and a range of values for con- 
trolling the characteristics of the selected property. The 
journal file processor generates specific values for the 
selected property based on the selected range. The ren- 
dering driver renders a modified version of the image for 
each generated value, and sends the modified versions 
of the image to printer 180. The user interface enables 
the selection of a preferred image from the rendered 
modified, images. The journal file processor sends the 
values of the selected image to the driver settings file 
for storage. The user interface enables printing of the 
image using the values stored in the driver settings file, 
repetition of the above process for more specific range 
of values about the value of the selected image, or rep- 
etition of the process for a different property. 

The present invention also comprises a method for 
successively refining a computer print image by gener- 
ating sets of thumbnail images based on variable prop- 
erty values. The method starts by receiving a computer 
print image and a variable property range to be used for 
generating the first set of thumbnail images. A set of 
property values are generated based on the number of 
thumbnail images to be generated within the variable 
property range. For example, if the size of the set is 
three, and the variable property ranges from -50 to +50, 
the property values generated will account for three val- 
ues across the range, such as .-33, 0 and +33. A thumb- 
nail image is rendered using each of the values for the 
variable property. After the thumbnail images are ren- 
dered, a preferred thumbnail image from the set may be 
selected and printed, or a preferred thumbnail image 
and a variable property may be selected for rendering 
a new set of thumbnail images. In a successive render- 
ing, when the same property is selected the generated 
values will account for the range of values about the val- 
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ue of the selected thumbnail image, thereby refining the 
particular property. 

Embodiments of the present invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block diagram of a preferred computer 
system having a printer driver, in accordance with the 
present invention. 

Fig. 2 is a block diagram of the printer driver of Fig. 

1. 

Fig. 3 is a schematic diagram of the driver settings 
file of Fig. 2. 

Fig. 4 is a window illustrating a two-dimensional ar- 
ray of images based on the thumbnail user interface. 

Fig. 5 is a flowchart illustrating the preferred method 
500 for generating thumbnail versions of a page image. 

Fig. 6 is a window illustrating a two-dimensional ar- 
ray of thumbnail images for a first set of values. 

Fig. 7 is a window illustrating a two-dimensional ar- 
ray of thumbnail images for a second set of values. 

Fig. 8 is a window illustrating a two-dimensional ar- 
ray of thumbnail images for a third set of values. 

Referring now to Figure 1 , a block diagram is shown 
of a computer system 100, preferably a microprocessor 
personal computer, such as the Pentium-based, Epson 
Action Tower 8200 computer, manufactured by Seiko 
Epson Corporation of Japan. Computer system 100 in- 
cludes a CPU 120. An input device 110, such as a key- 
board and mouse, and an output device 105, such as a 
CRT, are coupled to a CPU 120. Preferably, computer 
system 100 further comprises a block of conventional 
random access memory (RAM) 155, a printer 180, com- 
munications interface 185, and floppy disk drive 1 90 are 
also coupled via signal bus 115 to CPU 120. 

The RAM 1 55 is used to store operating instructions 
and data which control and facilitate operation of the 
CPU 120. Operating system 160 preferably contained 
within RAM 155 consist of sequences of programmed 
instructions which when executed by CPU 120, enable 
operation by the CPU 1 20 on stored data. Printer driver 
165 is a programmed sequence of instructions which 
when executed by CPU 120 allows stored data to be 
formatted and printed at printer 180. Page image data 
170 is stored data, waiting to be processed by printer 
driver 165 for printing at printer 180. Page image data 
170 is conventionally formatted in page length blocks. 
Printer driver 165 may be initially stored in disk storage 
1 75 and loaded into RAM 1 55 prior to execution by CPU 
1 20. Disk storage 1 75 has a spooler 1 77 for storing doc- 
uments waiting to be printed at printer 180. Floppy disk 
drive 190 enables storing printer driver 165 onto a re- 
movable storage medium. 

Referring now to FIG. 2, printer driver 165 of FIG. 1 
is illustrated. Printer driver 1 65 is a program comprising 
several routines, including a page driver 220, a journal 
file 230, a journal file processor 240, a user interface 
250, a rendering driver 260, and a driver settings file 
270. At the time of printing, page image data 170 is 
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transmitted by the CPU 120 along the signal bus 115 to 
the printer driver 165. Page image data 170 is conven- 
tionally received by the page driver 220 as a conven- 
tional series of image portions. These image portions 

5 are to be transferred to the print medium (such as paper) 
by printer 180. Page driver 220 gathers the image por- 
tions, places the portions into a single page format that 
represents each page of an image, and then sends the 
formatted page image data 170 to the journal file 230. 

10 Journal file 230 is a collection of the formatted page im- 
age data 170 and the drawing commands needed to 
render a printed image from the data 170. The drawing 
commands include conventional pointers to program 
subroutines that specify the text font, object color, object 

15 size, object alignment, etc. 

Journal file processor 240 gathers the formatted 
page image data 170 and all requisite drawing com- 
mands from the journal file 230, and sends the gathered 
information to rendering driver 260. Rendering driver 

20 260 applies the drawing commands to page image data s£ 
1 70 and generates pixel data, thereby rendering the im- 
age. Rendering driver 260 then sends the rendered im- 
age to the journal file processor 240, which in turn sends 
the image to the user. 

2S User interface 250 is a programmed software rou- 
tine, which enables the user to view the image prior to 
printing and to request user instructions related to spe- 
cific printing options. After viewing the image on the 
screen, the user can instruct rendering driver 260 to 

30 send the image to the spooler 1 77, and consequently to 
printer 180. Optionally, utilizing the user interface 250, 
the user can instruct the printer driver 165 to enter a, 
color calibration process which enables successive re— 
finement of the printed image. This successive refine- <r 

35 ment process consists of printing a set of reduced size 
("thumbnail") images at printer 180 based on a set of 
variable properties. For example, a preferred thumbnail 
image is selected from the set and while a subset of the 
variable properties associated with the preferred image 

40 is held constant, a second set of thumbnail images is 
printed. Again, a preferred thumbnail image is selected 
and while a second subset of the variable properties is 
additionally held constant, a third set of thumbnail imag- 
es is printed. The process repeats until a set of variable 

45 properties is determined and a refined image can be 
printed at printer 180. The determined set of variable 
properties is sent to driver settings file 270. 

In order to render an image, rendering driver 260 
retrieves printer driver settings information from the driv- 

50 er settings file 270. File 270 contains information for con- 
trolling such driver settings as image resolution, color 
information, printable area, and other printer options, 
such as image quality to print (i.e. "draft," "normal," or 
"high -re solution"). The driver settings contained in file 

55 270 control all viewing modes of driver 165, including 
"initial", "thumbnail" and final" view modes. In "initial", 
view mode, journal file processor 240 gathers the se- 
lected settings information for the image from journal file 
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230, including an initial color scheme, initial resolution, 
etc., and transmits the initial information to driver set- 
tings file 270. Rendering driver 260 uses the initial driver 
settings to render the image without image refinement 
on printer 180 using conventional imaging techniques. 

In "thumbnail" mode, journal file processor 240 gen- 
erates "thumbnail 0 driver settings, and transmits them 
to rendering driver 260 and driver settings file 270. Ren- 
dering driver 260 uses the thumbnail driver settings to 
render the thumbnail versions of the image to be printed. 
The thumbnail driver settings include a minimum value 
"A" and a maximum value M B.° The range from A to B 
specify the total range of a particular variable property, 
as limited by the video and computer hardware. For ex- 
ample, Contrast having a value of A has minimum Con- 
trast, and Contrast having a value of B has maximum 
Contrast. In one embodiment, A may equal -50 and B 
may equal +50, with 0 being the median contrast. 

The preferred six variable properties of an image 
contained in driver settings file 270 include Red Bias, 
Green Bias, Blue Bias, Brightness, Saturation, and Con- 
trast. Based on the RGB model, Red Bias, Green Bias, 
and Blue Bias control the visible color of emitted light. 
Brightness is the luminosity or amount of light incident 
upon a specified area. To modify the Brightness of a pix- 
el, the RGB values are conventionally modified by a con- 
stant so that the ratios among the three colors of light 
remain unmodified. The richness or purity of a particular 
color is referred to as Saturation, and can also be con- 
trolled by modifying the RGB values in a conventional 
manner. Lastly, Contrast refers to how far the whitest 
whites are from the blackest blacks in a video waveform, 
and can be conventionally controlled by modifying the 
range of possible RGB values. 

Journal file processor 240 varies the value of at 
least one selected property. By varying a property and 
transmitting the values to rendering driver 260, journal 
file processor 240 generates a set of modified thumbnail 
versions of an image. By varying two of the properties 
across a selected range of values (R), journal file proc- 
essor 240 generates a two-dimensional array of thumb- 
nail images. Initially, a selected property is modified 
across the entire range from the minimum value A to the 
maximum value B. The dimensions of an array, and thus 
the increment between contiguous thumbnail versions, 
are controlled by matrix dimensions X(max) and Y 
(max). Matrix dimensions X(max) and Y(max) are con- 
tained in driver settings file 270. The preferred matrix 
dimensions X(max) and Y(max) both equal five, thereby, 
presenting twenty-five thumbnail images in the array. 
However, user interface 250 enables user selection of 
other matrix dimensions. The incremental modification 
(IM) between contiguous versions is preferably equal to 
the range B-A divided by a matrix dimension X or Y. The 
starting value equals to A + IM/2. For example, in a five 
by five array, modified over the range from -50 to +50, 
the IM = 100/5 = 20, and the starting point is equal to 
-50 + 20/2 = -40. Thus, the values used for the thumbnail 



images equal -40, -20, 0, +20, +40, respectively. How- 
ever, the modification value for each thumbnail image 
can be determined using a different algorithm, such as 
a logarithmic scale. Rendering driver 260 uses these 
5 values to render the thumbnail images. 

Journal file processor 240 determines the size of 
thumbnail.images by reducing the image enough so that 
an X by Y array of images will print on a single sheet of 
paper. As the array of images becomes larger, the size 
10 of an individual thumbnail image is made smaller. The 
preferred minimum dimensions of a thumbnail image is 
about two inches by one inch. Alternatively, the size of 
a thumbnail image may be reduced using a scaling fac- 
tor. 

The array of thumbnail images is sent to user inter- 
face 250 and printer 180, and the user selects the pre- 
ferred version from the array via user interface 250 and 
input device 110. Based on the suitability of the selected 
thumbnail image, the user can either repeat the thumb- 
nail mode for a new set of values based on the selected 
image, or enter a "final" mode. In final mode, rendering 
driver 260 uses the driver settings specified in the final 
iteration of the thumbnail mode in order to print the re- 
fined image. If the user does not consider the selected 
thumbnail image to be suitable, the thumbnail mode can 
be repeated and a second set of modified thumbnail im- 
ages can be generated based on the selected image. 
Journal file processor 240 generates a new set of 
thumbnail driver settings by holding constant the matrix 
values selected by the user from the first array and by 
incrementally varying one or more additional variable 
properties of the selected image. In creating a new array 
of thumbnail images, a new IM and starting point is de- 
termined, as described in detail with reference to FIGs. 
7 and 8 below. Based on the new set of values, render- 
ing driver 260 generates a successive array of modified 
thumbnail images. The process repeats until a suitably 
refined image is generated. 

Referring now to FIG. 3, a block diagram illustrating 
the driver settings file 270 of FIG. 2 is shown. Driver set- 
tings file 270 includes program data comprising a con- 
ventional environment settings 31 0 : a conventional doc- 
ument settings 320, and a driver settings 330. Environ- 
ment settings 310 conventionally includes the default 
parameters required by the environment specifying 
page size, resolution, driver version information, imaga- 
ble area, device capabilities, color mode, imaging mode, 
etc. Document settings 320 includes the information for 
printing a particular document, including page margins, 
printable area, page layout, etc. As stated above, driver 
settings 330 includes information for controlling printer 
options, color information (such as Red Bias, Green Bi- 
as, Blue Bias, Brightness, Saturation and Contrast), us- 
er interface options (such as window size, placement, 
whether a pull-down menu or dialog box is to be used, 
etc.) as well as manufacturer and model number of the 
printer 180. 

Referring now to FIG. 4, a window 400 based on 
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user interlace 250 illustrating an array 420 of thumbnail 
images 410 is shown. The size of the array 420 is five 
by five, i.e. X(max) = 5 and Y(max) = 5. In this example, 
X coordinates refer to the level of Brightness, and Y co- 
ordinates refer to the level of Red Bias. For increasing 
X, the Brightness value increases. For increasing Y, the 
Red Bias increases. 

As stated above, the incremental modifications are 
determined by X(max), Y(max) and the range R1 to R2 
over which variable properties of Brightness and Red 
Bias are being modified. Assuming the range R1 to R2 
is the preferred range from -50 to +50, the preferred in- 
cremental modification corresponding to X is 1 00/5 = 20, 
and starts at -50 + 20/2 = -40, Thus, the preferred Bright- 
ness values in the array are -40, -20, 0, 20, 40. For the 
thumbnail images in column X = C, the images 410 have 
a median Brightness (Brightness value = 0), and varying 
Red Bias. For the thumbnail images 410 in the row Y = 
3, the images have a median Red Bias (Red Bias = 0), 
and varying Brightness. Thus, the thumbnail image 410 
at X,Y = C,3 (value = 0,0) has a median Brightness and 
Red bias, and all surrounding images 410 have incre- 
mental modifications. It will be appreciated that the 
Brightness value in the array starts at -40 and not -50, 
so that if a preferred image having a Brightness value 
of -40 is selected: a successive array can be generated 
having Brightness values incrementally modified about 
-40, i.e. over the new range R = -50 to -30. If the Bright- 
ness value had a starting value of -50, Brightness in the 
successive array could not be reduced, since -50 equals 
the minimum value A. It will be further appreciated that 
the thumbnail images in the center column (i.e. X = C) 
of such a successive array would have the same Bright- 
ness value as a selected thumbnail image, i.e. a Bright- 
ness value of -40. 

A user prints the array 420 of thumbnail images 41 0 
to determine a preferred image. The preferred image 
can be selected from the array 420 using any selection 
technique, such as positioning the cursor over the pre- 
ferred image 410 and performing a mouse-down oper- 
ation, or typing into a dialog box (not shown) a character 
string pertaining to the selected image 410, such as 
M C2. a The user can then instruct the printer driver 165 
to print the refined image 410 or repeat the thumbnail 
mode based on the selected thumbnail image 410. 

Referring now to FIG. 5, a flowchart is shown illus- 
trating the preferred method 500 for generating thumb- 
nail images 410 of a page image. Method 500 starts by 
defining 505 the matrix size X(max) by Y(max) and ad- 
ditional parameters. The additional parameters include 
which properties are to be modified when generating 
thumbnail versions of an image, and the range of values 
over which to modify each property. Using the matrix val- 
ues, and the range of values, a set of values for each 
variable property is generated 510. For example, if the 
matrix is three by one. and the range of values over 
which to modify a single property, such as Saturation, is 
-30 to +30, the thumbnail images will preferably be var- 
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ied using an incremental modification of 60/3 = 20 and 
a starting value of -30 + 20/2 = -20. Thus, the Saturation 
values in each of the thumbnail images 410 is -20. 0, 
and +20. respectively. 

5 After generating 510 the matrix values, the page im- 
age data is read back 51 5 from the journal file, and trans- 
mitted 520 to the rendering driver 260 with the set of 
values and parameters. Using the page image data, the 
set of values, and parameters, the rendering driver 

10 renders 525 each thumbnail image 410. As illustrated 
in block 530, the data is read back 515 and transmitted 
520 until each of the thumbnail images 410 has been 
rendered 525 by the rendering driver 260. In the three 
by one example, the page image data 170 is read back 

is three times using the Saturation values of -20, 0, +20. 
The rendering driver 260 presents 535 the thumbnail im- 
ages 410 to the user via printer 180. 

After presenting 535 the thumbnail images 410 to 
the user, the user examines the images 410 image array 

20 420 and selects 540 the preferred image from the set of 
displayed images. The driver settings, i.e. the values 
and parameters of the selected thumbnail image 410, 
are stored 545 in the driver settings file 270. As illustrat- 
ed in block 550, if the selected image requires additional 

2S modifications to generate a refined image, method 500 
repeats. If the settings for the selected image are suit- 
able for printing, the image is printed at printer 1 80 using 
those settings, and the method 500 ends. 

Referring now to FIG. 6, a two-dimensional image 

30 array of thumbnail images 610 is shown following a first 
iteration of method 500 , in accordance with the pre- 
ferred embodiment. Continuing with the example of FIG. 
5, the two properties Brightness and Green Bias are se- 
lected, while limiting the dimensions of the image array 

3$ to three by three. Assuming in this case the range A to 
B is specified as -30 to +30, the journal file processor 
240 generates an incremental modification, namely, 
60/3 = 20, and a starting value, namely, -30 + 20/2 = 
-20. Thus, the values for each of the properties in the 

40 array are -20 : 0, and +20, respectively. In other words, 
the bottom left version has a Brightness of -20 and a 
Green Bias of -20. Brightness increases in increments 
of +20 as X increases (i.e. to the right), and Green Bias 
increases in increments of +20 as Y increases (i.e. up- 

45 ward). 

The thumbnail images 610 are printed at printer 
180, and the user selects a preferred image 630 using 
user interface 250 and input device 110. Assuming that 
the image 630 at B3 is selected, the Brightness value of 

so zero and the Green Bias of -20 are stored in driver set- 
tings 330. If the user considers the image 630 suitable, 
i.e. sufficiently refined for its intended purpose, the im- 
age 630 is printed in final form with proper size and qual- 
ity, using stored driver settings 330. Otherwise, the 

ss thumbnail mode is preferably repeated for at least one 
newly selected variable property. If a newly selected 
property is not the same as a previously selected prop- 
erty, then the range and incremental value is as deter- 



5 



4SOOCID: <EP 0772118A1_1_> 



9 EP 0 772 116 A1 10 



mined above, namely, -30 to +30 with an IM of twenty, 
starting at a value of -20. If a newly selected property is 
the same as the selected property of the previous iter- 
ation, the range of values for modifying the image is ad- 
justed about the value of the property of the selected s 
version. These two possibilities are illustrated in FIGs. 
7 and 8. 

Referring now to FIG. 7, a two-dimensional array 
720 of thumbnail images 710 for a second iteration is 
shown. User interface 250 and input device 110 gener- 10 
ate the selection of two variable properties, namely, 
Brightness and Red Bias. Brightness is being reselect- 
ed, and Red Bias is being selected for the first time. It 
will be appreciated that the previously selected value for 
Green Bias remains constant at -20. Since Red Bias is is 
being modified for the first time, the range of values over 
which to modify Red Bias is the same as the range de- 
termined for Brightness and Green Bias in FIG. 6. How- 
ever, since the value for Brightness has already gone 
through a previous iteration, the range and incremental 20 
modification for Brightness must be adjusted. 

The range and incremental modification for the sec- 
ond iteration of Brightness accounts for the range of 
possibilities between the previous array 620 of thumb- 
nail images 610. The range is preferably equal to the 2s 
previous incremental modification, with the center value 
at the Brightness value of the selected image 630. That 
is, the previous incremental modification was twenty, 
and the selected Brightness value is zero. Thus, the 
range for the second iteration is preferably twenty with 30 
a center Brightness of zero. The new incremental mod- 
ification is equal to the new range divided by the number 
of increments (i.e. new IM = previous IM / (X-1 )). Bright- 
ness values for this array equal - 10, 0, +1 0, respectively. 

Again, the thumbnail images 710 of this second it- 35 
eration are printed at printer 180, and the user selects 
a preferred thumbnail image 730 using user interface 
250 and input device 110. If the image 730 at C2 is se- 
lected, the Brightness value of ten and the Red Bias of 
zero are stored in driver settings 330. The user can print 40 
the image, or can repeat the thumbnail mode for a new 
set of properties. 

Referring now to F!G. 8, a two-dimensional array 
820 of thumbnail images 810 for a third iteration is 
shown. In this figure, Brightness and Blue Bias are being 
modified togenerate thumbnail images 810. Green bias 
remains constant at -20, and Red Bias now remains 
constant at zero. Similarly, because Blue Bias is being 
selected for the first time, Blue Bias is modified over the 
range -30 to +30, with an I M equal to twenty and starting so 
at -20. Because Brightness is being modified for a third 
time, the range is the previous IM, or ten, the center 
Brightness value is the Brightness value of the second 
selected image 730, also ten, and the incremental mod- 
ification equals ten divided by two total increments, or ss 
five. Thus, Brightness values for the third array 820 
equal +5, +10, +15, respectively. The thumbnail images 
810 of the third iteration are printed at printer 180, the 



user selects the preferred thumbnail image 830, and 
those values are sent to drivers settings 330. If the ver- 
sion at C2 is selected and considered sufficiently re- 
fined, the user prints the image in final form, with actual 
size and quality and using driver settings 330, namely, 
Green Bias equal to -20, Red Bias equal to zero, Blue 
Bias equal to zero, and Brightness equal to +15. Since 
Saturation and Contrast have not been adjusted, values 
for Saturation and Contrast equal zero. 

The foregoing description of the preferred embodi- 
ments of the invention is only by way of example, and 
other variations of the above-described embodiments 
and methods are provided by the present invention. For 
example, a detailed description was provided for the 
generation of a two-dimensional array of thumbnail im- 
ages. It would be obvious that the present system and 
methods apply to three-dimensional and n-dimensional 
arrays as well. Additionally, a wide variety of adjustment 
algorithms could be used in the refinement process, in- 
cluding choosing two different variables with each 
thumbnail image iteration. Furthermore, the preferred 
system embodied in the general purpose computer of 
FIG. 1 is equally effective if implemented as a compo- 
nent of a conventional processor-driven imaging device. 
For example, the printer driver 165 could be contained 
within a processor-driven printer, scanner facsimile ma- 
chine, document copier, or other related machine. It is 
well understood that these conventional processor-driv- 
en devices can be thought of as special purpose com- 
puters, each containing a CPU 120, an operating sys- 
tem 1 60, etc. Also, components of this invention may be 
implemented using a programmed general purpose dig- 
ital computer, using application specific integrated cir- 
cuits, or using a network of interconnected conventional 
components and circuits. The embodiments described 
herein have been presented for purposes of illustration 
and are not intended to be exhaustive or limiting, and 
many variations and modifications are possible in light 
of the foregoing teaching. The system is limited only by 
the following claims. 



Claims 

1 . A processor implemented method for refining a print 
image based on a plurality of printer property vari- 
ables, the method comprising the steps: 

(i) selecting a property variable; 

(ii) generating a range of values for the property 
variable; 

(iii) printing a set of thumbnail images such that 
each printed thumbnail image corresponds to 
a variable value of the generated range of val- 
ues; 

(iv) selecting a preferred image from the set of 
printed thumbnail images and storing the vari- 
able value corresponding to the selected im- 
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age; 

(v) repeating the above steps (i) - (iv) until a var- 
iable value for each of the plurality of printer 
property variables is stored; and 
(vii producing a print image using the stored 
variable values. 

A computer implemented method for refining a print 
image based on a plurality of printer property vari- 
ables, the method comprising the steps: 

(i) selecting a property variable; 

(ii) generating a range of values for the property 
variable: 

(Hi) printing a set of thumbnail images such that 
each printed thumbnail image corresponds to 
a variable value of the generated range of val- 
ues: 

(iv) selecting a preferred image from the set of 
printed thumbnail images and storing the vari- 
able value corresponding to the selected im- 
age; 

(v) repeating steps (i) and (ii) for a new property 
variable; 

(vi) repeating the printing of step (iii) while ad- 
ditionally using the stored variable value of step 

(iv); 

(vii) repeating the above steps (i) - (vi) until a 
sufficiently refined print image is selected; and 

(viii) producing a print image using the stored 
variable values of the sufficiently refined print 
image. 

The method of claim 1 or claim 2, wherein the prop- 
erty variable of step (i) is selected from the set con- 
sisting of contrast, brightness, saturation, red bias, 
green bias, and blue bias. 

The method of any preceding claim, wherein the 
step of generating a range of values includes the 
step of generating an incremental modification (IM) 
equal to the range (B-A) divided by a set dimension, 
and a starting value equal to A + IM/2. 

The method of any preceding claim, wherein the 
method is performed by one of a processor con- 
tained in a printer, a processor contained in a doc- 
ument copier and a processor contained in a gen- 
eral purpose computer. 

The method for calibrating a print image according 
to claim 2, wherein when repeating step (iii) at least 
one stored variable value of step (iv) is additionally 
used in printing the set of thumbnail images. 

A computer system for refining a print image based 
on a plurality of printer property variables compris- 
ing: 
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means for selecting a first (X) and second (Y) 
property variable; 

means for generating a range of values for each 
of the first and second property variables: 
means for printing an array of thumbnail images 
such that each printed thumbnail image corre- 
sponds to an ordered pair (X : Y) of the gener- 
ated ranges of X and Y values; 
means for selecting a preferred image from the 
array of printed thumbnail images; and 
means for storing the variable values (X and Y) 
corresponding to the selected image. 

8. A system for refining a print image comprising: 

memory containing refined property- values 
specifying preferred properties of the print im- 
age, and a printer driver for rendering a set of 
thumbnail images based on the refined proper- 
ty values; 

an input device for enabling the selection of a „ 
preferred thumbnail image from the set of . 
thumbnail images; 

a processor coupled to the memory and the in- - 
put device for updating the refined property val- . 
ues with property values of the preferred 
thumbnail image; and 

an imaging device coupled to the processor for 
printing the print image using the refined prop- 
erty values. 

9. The system according to claim 8, wherein the print-- 
er driver f u rther comprises a user interface enabling 
the set of thumbnail images to be rendered across 
a range of print property values. 

10. The system according to claim 8 or claim 9, wherein 
the print image memory includes a spooler for stor- 
ing print images waiting to be printed at the imaging 
device. 

11. The system according to any of claims 8 to 10, 
wherein the print driver further comprises a render- 
ing driver for generating pixel data corresponding 
to each of the thumbnail images. 

12. The system according to claims 8 to 11 , wherein the 
printer driver further comprises a page driver for 
compiling the print image into a page format. 

13. The system according to claim 12, wherein the 
memory further comprises a journal file for storing 
print image data in page format. 



55 



14. The system according to claim 13, wherein the 
printer driver further comprises a journal file proc- 
essor for gathering the print image data from the 
journal file and generating a range of print property 
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values for a print property. 

15. A program storage medium storing a computer pro- 
gram for causing a computer to perform the steps 

of: s 

(i) selecting a property variable; 

(ii) generating a range of values for the property 
variable; 

(iii) printing a set of thumbnail images such that 10 
each printed thumbnail image corresponds to 

a variable value of the generated range of val- 
ues; 

(iv) selecting a preferred image from the set of 
printed thumbnail images and storing the vari- is 
able value corresponding to the selected im- 
age; 

(v) repeating the above steps (i) - (iv) until a var- 
iable value for each of the plurality of printer 
property variables is stored; and 20 

(vi) producing a print image using the stored 
variable values. 
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